Chapter 12, Problem 1.

IfV,, =400 V in a balanced Y-connected three-phase generator, find the phase voltages,
assuming the phase sequence is:

(a) abc (b) ach
Chapter 12, Solution 1.

(a) If V,, =400, then
400
V,, =—=4£-30°=231£-30°V

an \/g

V,, =231/-150°V
V. =231/-270°V

(b) For the acb sequence,
Vi =V =V, =V, £0°=V £120°

1 .43
V., =Vp£l+——j£J=Vp\/§4—30°

2 2

i.e. in the acb sequence, V,, lags V, by 30°.

Hence, if V,, =400, then
400
V,, == £30°=231£30° V

an \/g

V,, =231£150°V
V, =231£-90°V
Chapter 12, Problem 2.
What is the phase sequence of a balanced three-phase circuit for which V,, = 160 £30° V
and V., = 160 £ —90° V? Find V.
Chapter 12, Solution 2.
Since phase c lags phase a by 120°, this is an acb sequence.

V,, =160£(30°+120°) = 160.£150° V
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Chapter 12, Problem 3.
Determine the phase sequence of a balanced three-phase circuit in which
Vi, =208 £130° V and V., =208 £10° V. Obtain V, .

Chapter 12, Solution 3.
Since V,, leads V_, by 120°, this is an abc sequence.

V. =208/(130°+120°) = 208.£250° VV

Chapter 12, Problem 4.
A three-phase system with abc sequence and V;, =200 V feeds a Y-connected load with

Z; =40 £30°Q . Find the line currents.

Chapter 12, Solution 4.

200
v, =200=+3V, >V, =
V3
1=t 205U _oggr< 30 A

“Z, 3x40<30°
I, =1, <—-120° =2.887 <~150° A
[ =1, <+120° =2.887 <90° A

Chapter 12, Problem 5.

For a Y-connected load, the time-domain expressions for three line-to-neutral voltages at
the terminals are:

viv=150cos (wt+32°)V
vey= 150 cos (wt—88°) V
vey=150cos (wt+ 152°) V

Write the time-domain expressions for the line-to-line voltages vy, Vs, and v, .

Chapter 12, Solution 5.
V=3V, <30° =/3x150 < 32° +30° = 260 < 62°

Thus,
v,z =260cos(wt +62°) V

Using abc sequence,
Vye =260cos(wt —58°) V

Ve, =260cos(wt +182°) V
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Chapter 12, Problem 6.

For the Y-Y circuit of Fig. 12.41, find the line currents, the line voltages, and the load
voltages.

220,0°V

~ a A 10Q j5Q
,
N O—WW—TTI—)
ZZO%I\ZOOV b B 10Q j5Q
} O—MM—TTTN—
" N N
220;/200\/ c c 10Q j5Q
- o—MWW— TN
N
Figure 12.41

For Prob. 12.6.
Chapter 12, Solution 6.

Z,=10+)5=11.18£26.56°

The line currents are

| = Yn 2020° g8, 26560 A
oz, 11.18£26.56° = :
I, =1,2-120°=19.68.-146.56° A

1. =1,£120°=19.68.£93.44° A

The line voltages are
V,p = 220+/3 £30° = 381.£30° V

V,, =381£-90°V
V., =381/-210°V

The load voltages are
Vn=1,2Z, =V, =220£0°V

V=V, =220£-120°V
Vo =V, =220/120°V
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Chapter 12, Problem 7.

Obtain the line currents in the three-phase circuit of Fig. 12.42 on the next page.

ad0,0°v ()

440,120°V

Figure 12.42
For Prob. 12.7.

Chapter 12, Solution 7.

This is a balanced Y-Y system.

440.£0° V C) D Zy=6-j8Q

Using the per-phase circuit shown above,

440.£0°
|, =————=44/5313° A
R R < S —

I, =1,/-120°= 44/ -66.87° A
I, =1, /120°=44,173.13° A
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Chapter 12, Problem 8.
In a balanced three-phase Y-Y system, the source is an abc sequence of voltages and V,,

=100 £20° V rms. The line impedance per phase is 0.6 +j1.2 Q, while the per-phase
impedance of the load is 10 + j14 Q. Calculate the line currents and the load voltages.

Chapter 12, Solution 8.

Consider the per phase equivalent circuit shown below.
Z

7

Ve 100<20° _ £396,.351° A

I = =
“ Z,+Z, 10.6+ /152

I,=1,<-120°= 5.396/-155.1° A

I, =1,<+120° = 5.396/84.9° A

V,,=1,Z, =(44141-j3.1033)(10+ j14)= 92.83£19.35" A

v, =V, <-120° = 92.83/-100.65° A

V,e=V,<+120"= 92.83£139.35" A
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Chapter 12, Problem 9.

A balanced Y-Y four-wire system has phase voltages
VvV, =120£0° V,, =120£-120°
vV, =120£120°V

The load impedance per phase is 19 + 13 Q, and the line impedance per phase is
1 +;2 Q. Solve for the line currents and neutral current.

Chapter 12, Solution 9.

I, = Vay _120207 48 36870 A
*Z, +Z, 20+j15 :

I, =1,2-120°= 4.8/-156.87° A

I, =1,/120°=4.8/83.13° A

As a balanced system, |, =0 A
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Chapter 12, Problem 10.

For the circuit in Fig. 12.43, determine the current in the neutral line.

Figure 12.43
For Prob. 12.10.

Chapter 12, Solution 10.
Since the neutral line is present, we can solve this problem on a per-phase basis.

For phase a,
Van  220£0° 220

Iy = = — = =7.642./20.32°
Zo+2 27-j10 28.79£-20.32°

For phase b,
| Vi 220£-120°
b Zo+2 22

=10£-120°

For phase c,
Ven  220£120°  220./£120°

I, = - — - =16.923297.38°
Ze+2 1245 13£22.62°

The current in the neutral line is

I, =-(,+1,+1)or -1 =1 +1, +1,

1, = (7.166 + j2.654) + (-5 — §8.667) + (-2.173 + j16.783)
I, =0.007 — j10.77 =_10.77.£90°A
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Chapter 12, Problem 11.

In the Y- A system shown in Fig. 12.44, the source is a positive sequence with
V..=120 £0° V and phase impedance Z ,= 2 — ;3 Q. Calculate the line voltage V, and
the line current I ;.

<

2
3

@

<
<
=

3
S
1
| S
N
~

®

Figure 12.44
For Prob. 12.11.

Chapter 12, Solution 11.

Vs =V, =3V, <30° =/3(120) < 30°
V, =V, |=/3x120=207.85 V
v, 3, <30

[AB - -

Z, 2-73

3V, <07 3x120
2-j3 23

I,=1,3<-30°= = 55.385+ j83.07

1, =1, 1=99.846 A
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Chapter 12, Problem 12.

Solve for the line currents in the Y-A circuit of Fig. 12.45. Take Z, = 60.£45°C).

Figure 12.45
For Prob. 12.12.

Chapter 12, Solution 12.

Convert the delta-load to a wye-load and apply per-phase analysis.

la

o0y (™) HE2

ZA
Z, =5 20/45°Q)
_H0L0° L p ) geo p
@045 T T T

I, =1,/-120°=55/-165° A
I, =1,/120°=55/75° A
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Chapter 12, Problem 13.

Cﬂ) ﬁ
PS ML In the balanced three-phase Y-A system in Fig. 12.46, find the line current 7,
and the average power delivered to the load.

110/0°V rms

o
N\

110 /=120°Vims 5 ¢ 9-je L
€9 D 9-j6Q

9-j6 Q

110/120° V rms 20

O
N VW

Figure 12.46
For Prob. 12.13.
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Chapter 12, Solution 13.

Convert the delta load to wye as shown below.

110.£0° V rms
20
Zy
110/-120° Vrms 2O N
ZY ZY

|

110£120°Vms  2Q

O

ZyzéZu =3-/20

We consider the single phase equivalent shown below.

2Q

110£0° V rms
3-j2 Q

_ 110
2+3- )2
1, =|1,1=2043 A

=20.4265<21.8°

a

S = 3|1[*Zy = 3(20.43)*(3—j2) = 4514./-33.96" = 3744 — j2522

P = Re(S) = 3744 W.
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Chapter 12, Problem 14.

« ))

PS Obtain the line currents in the three-phase circuit of Fig. 12.47 on the next page.

1+/2Q B
a I |
z
g 100,/0° V L &
c — B
Z,=12+/2Q
1+j2Q
1
| I

Figure 12.47
For Prob. 12.14.
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Chapter 12, Solution 14.

We apply mesh analysis.
1+ /20 A
a
+ 71
() 100£0° V 7,
- D
n |1 B C
100£120° V 100£120° V Z, =12+ j12Q
+ -
¢ B b 1+ /20
1+ j20
For mesh,

~100+1002120° + I,(14 + j16)—(1+ j2)I, = (12 + j12)I, =0

or

14+ j16)1, —(1+ j2)I, —(12+ j12)I, =100+ 50— j86.6 =150— j86.6 (1)

For mesh 2,

100£120° =100£ -120° = 1,(1+ j2)—-(12+ j12)I, + (14 + j16), =0

or

-+ j2)1, +(14+ j16)], — (12 + j12)I, = -50— j86.6 + 50 — j86.6 =—j173.2 (2)
For mesh 3,

—-(12+/12)1, =12+ j12)1, + (36 + j36)I, =0 (3)

Solving (1) to (3) gives

I, =-3.161-j19.3, 1, =-10.098—j16.749, I, =—4.4197 - j12.016
I, =1,=19.58/-99.3" A

Iy =1,—1,=7.392/159.8° A

I.=-1,=19.56/5891° A
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Chapter 12, Problem 15.

x“:))

PS The circuit in Fig. 12.48 is excited by a balanced three-phase source with a line
voltage of 210 V. If Z,=1+,1 Q, Z, =24 - ;30Q, and Z,= 12 +;5 Q, determine the
magnitude of the line current of the combined loads.

Z, Zy

ao L 0 L 0
7, 7,

Z, Zy
b o L L

Z, Za ( Zy
¢co L 0 L 0
Figure 12.48

For Prob. 12.15.
Chapter 12, Solution 15.
Convert the delta load, Z,, to its equivalent wye load.
Z, .
Z, = =8—jl0

w3

12+ 35)(@8 - j10)
Z =2Z,|2Z,, =
p Y || Ye 20__]5

=8.076£-14.68°
Z, =7812-)2.047

Z,=2,+Z, =8812-.047
Z. =8.874/-6.78°

We now use the per-phase equivalent circuit.
| \A 0 v 210
L=, where =—=
Z,+7Z, NEY

. 210
* T \3(8.874/-6.78°)

=13.66.26.78°

I, =[1,|=1366 A
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Chapter 12, Problem 16.

A balanced delta-connected load has a phase current | ,.= 10 £—-30° A.

(a) Determine the three line currents assuming that the circuit operates in the positive
phase sequence.
(b) Calculate the load impedance if the line voltage is V ,,= 110 £0° V.

Chapter 12, Solution 16.

@@ oy =-1,0=10£(-30°+180°) =10.£150°

This implies that
I,z =10£30°
;e =10£-90°

I, =1,,~/32-30°=17.32£0° A
I, = 17.32£-120° A
I, =17.32£120° A

Vi  110£0°
I, 10230°

by Z,= =11/-30°Q

Chapter 12, Problem 17.

A balanced delta-connected load has line current | ,= 10 £ —25° A. Find the phase
currents | 5, 1 5o, and | .

Chapter 12, Solution 17.

Ia:IAB\/§<—3OO —_—> IAB:ﬁ:%

T =1,<-120°=5775<-115" A
I, =1,<+120°=5.775<125" A

<-25°+30°=5.773<5° A
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Chapter 12, Problem 18.

IfV, =440 £60° V in the network of Fig. 12.49, find the load phase currents | .5, | 5,
and |l ., .

Three-phase,
Y-connected
generator

(+) phase
sequence

Figure 12.49
For Prob. 12.18.

Chapter 12, Solution 18.

V., = V.. /3 £30° = (440 £60°)(\/3 £30°) = 762.1./90°
Z, =12+(9=15/36.87°

|- Van _ 762.1290°
A Z,  15£36.87°

=50.81£53.13° A

lye = 1,52 -120°= 50.81/ - 66.87° A
I = 1,,2120°=50.81/173.13° A
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Chapter 12, Problem 109.

For the A-A circuit of Fig. 12.50, calculate the phase and line currents.

() 173/0° V
j10Q

A
173/120° V G) §
j10Q
c

a3

) 173,/-120° V
j10Q

Figure 12.50
For Prob. 12.19.

Chapter 12, Solution 19.

Z, =30+;10=31.62/18.43°

The phase currents are

I _ Ve 173207 =5.47/-18.43° A
AR Z, 31.62/18.43° 2 :

lyo =1,,2-120°= 5.47.£-138.43° A
|CA =1,,/120°=5.47.£101.57° A

The line currents are
Ia = IAB _ICA = AB\/_A_?’OO
|, =5.47/3 £-48.43°= 0.474/ - 48.43° A

I, =1,2£-120°=9.474/-168.43° A
1. =1,£120°=9.474£71.57° A
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Chapter 12, Problem 20.

Refer to the A-A circuit in Fig. 12.51. Find the line and phase currents. Assume that the
load impedance is Z, = 12 +j9 Q per phase.

a A
IAB/
o — + s} ZL ZL
210/120°V (¢ F)210/0°V
I, \ICA
D ’ | — c
N —

B
210/-120°V L Ige Zc

Figure 12.51
For Prob. 12.20.

Chapter 12, Solution 20.
Z, =12+19=15/36.87°

The phase currents are
210£0°

=

BT 15/36.87°
lyo = 1,,2-120°= 14/ -156.87° A
Iy =1,,2120°=14.,83.13° A

=14/-36.87° A

The line currents are
I, =1,,~/3£-30°=24.25/-66.87° A
I, =1,2£-120°= 24.25/-186.87° A
I, =1,2120°=24.25253.13° A
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Chapter 12, Problem 21.

Three 230-V generators form a delta-connected source that is connected to a balanced
delta-connected load of Z, = 10 + ;8 Q per phase as shown in Fig. 12.52.

(a) Determine the value of 1.
(b) What is the value of I,?

a A
ZL
230 £120° (= ) 2300°
c D b B | — C
u T
230,£120° Z,
Figure 12.52

For Prob. 12.21.

Chapter 12, Solution 21.

—230£120°  —-230£120°
10+ 38 12.806£38.66°
17.96£-98.66" A rms

=17.96/ —98.66° A(rms)

@  Iac=

230£-120 230£0°
10+8  10+38
(b) =17.96/ —158.66° —17.96 £ — 38.66°
= —16.729 — j6.536 — 14.024 + j1 1.220 = —30.75 + j4.684
=31.10£171.34° A

31.1£171.34° A rms

Iy =Ipc +1ga =Ipc —IaB =
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Chapter 12, Problem 22.

& »

PS Find the line currents I, I,, and I, in the three-phase network of Fig. 12.53 below.
Take Z, =12-j15Q2,Z,=4+j6 Q,and Z,=2 Q.

z, L
1

208/120°V (- +

| S

208,/0° V

208/-120°V

Figure 12.53
For Prob. 12.22.

Chapter 12, Solution 22.
Convert the A-connected source to a Y-connected source.

v, 208
L /£-30°="= /-30°=120£-30°

V= 5

Convert the A-connected load to a Y-connected load.

v () iE

(4+6)(4-J5)
8+]

Zy
Z=2, |5 =@+ (4-j5)=
Z=5.723-0.2153

= Van __120£-30°
©Z+Z 7723-j0.2153
I, =1,2-120°=15.53£-148.4° A
I, =1,2120°=15.53,91.6° A

=15.53Z£-28.4° A
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Chapter 12, Problem 23.
A three-phase balanced system with a line voltage of 202 V rms feeds a delta-connected

load with Z, =25 £60°Q).

(a) Find the line current.
(b) Determine the total power supplied to the load using two wattmeters connected to the
A4 and C lines.

Chapter 12, Solution 23.

\Y4 202
(a) Ipg=—2B= 5
Zpn 25,60

202432 -30°

I, =Iogv/32-30° = =13.995/-90°

25./60°
I; =1, |=13.995A

(b)
P=P, +P, =+/3V I cosb = ﬁ(zoz)[

=2.448 kW
25

202\6}:05 60°
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Chapter 12, Problem 24.

A balanced delta-connected source has phase voltage V,, =416 £30° V and a positive
phase sequence. If this is connected to a balanced delta-connected load, find the line and
phase currents. Take the load impedance per phase as 60 £30°Q and line impedance per

phase as 1 +/1 Q.

Chapter 12, Solution 24.

Convert both the source and the load to their wye equivalents.

Z, )
Z, =3 = 20£30°=17.32+310

Vab
V, =2 /-30°=240.2£0°

NE)

We now use per-phase analysis.

1+]Q I,
[ 1

\ 4

L

Var ()

:| 20£30° Q

\Y/ 240.2

an

I - =
* T (+j)+(17.32+10)  21.37231°

I, =1 /-120°=11.24/-151° A

I =1,/120°=11.24/8%° A

But | =1,,+/32-30°

11.242-31°

lyg=—F————=6.4892-1° A
B L300 ——

lye = 1,52 -120°= 6.489./-121° A

Iy = 1,,2120°= 6.489./119° A
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Chapter 12, Problem 25.

(‘)))
PS In the circuit of Fig. 12.54, if V,, =440 £10°,V,.=440 £250°, V. =440 £130°
V, find the line currents.

3+j20 L
1
| |
V., 10-/8Q
3+2Q I, 10-j8Q
= | — ’
Vo (&) b
V. 10-/8Q
3+2Q L
|
¢ |
Figure 12.54

For Prob. 12.25.

Chapter 12, Solution 25.

Convert the delta-connected source to an equivalent wye-connected source and
consider the single-phase equivalent.

| 440£00°-30°)
a \/EZY

where Z,=3+]24+10-318=13—-36=14.322-24°78°

| 440Z-20°
* 314324 -24.78°)

=17.74£4.78° A

I, =1,£-120°=17.74£-115.22° A

I =1 /120°=17.74/124.78° A
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Chapter 12, Problem 26.

For the balanced circuit in Fig. 12.55, V,, =125 £0° V. Find the line currents I, 1,;, and

lc.

I
aA A

a
% 24 Q
Three-phase, i15Q

A-connected
generator N _ j15Q
24 Q

1 .
(+) phase b bB —j15Q
sequence 24 Q c
B
ICC
C
Figure 12.55

For Prob. 12.26.

Chapter 12, Solution 26.

Transform the source to its wye equivalent.

VP
V, =—=4£-30°=72.174£-30°
V3
Now, use the per-phase equivalent circuit.
V
I, = Zan, Z=24—j15=283/-32°
_72.17£-30° 955 /90 A
“2834-320 T

I, =1,2-120°=255/-118° A

lo=1,/120°= 2.55/122° A
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Chapter 12, Problem 27.

x“:))

PS A A-connected source supplies power to a Y-connected load in a three-phase
balanced system. Given that the line impedance is 2 + ;1 Q per phase while the load
impedance is 6 +j4 Q per phase, find the magnitude of the line voltage at the load.
Assume the source phase voltage V,, =208 £0° V rms.

Chapter 12, Solution 27.
Since Z; and Z, are in series, we can lump them together so that
Z,=2+j+6+ j4=8+5

VP
e <300
5o 208 < ~30°
Ia = =
Z, J3(8+ j5)

208(0.866 — j0.5)(6+ j4)
J3(8+j5)

V, =6+, = =80.81— j43.54

V.= 91.79 V

Chapter 12, Problem 28.

The line-to-line voltages in a Y-load have a magnitude of 440 V and are in the positive
sequence at 60 Hz. If the loads are balanced with Z, = Z, = Z, =25 £30°, find all line
currents and phase voltages.

Chapter 12, Solution 28.
VL =|Vap| =440 =3Vp or V,=440/1.7321 =254

For reference, let Vv = 254£0° V which leads to
Vey=254/-120° V and Vey = 254£120° V.

The line currents are found as follows,

I, = Vn/Zy=254/25/30° = 10.16 /=30° A.
This leads to, I, = 10.16£/-150° A and I. = 10.16£90° A.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 12, Problem 29.

«&

4
PS A balanced three-phase Y-A system has v,, = 120 £0° Vrmsand Z, =51+ j45Q.

If the line impedance per phase is 0.4 + ;1.2 Q, find the total complex power delivered to
the load.

Chapter 12, Solution 29.

We can replace the delta load with a wye load, Zy=Z7,/3 = 17+j15Q.
The per-phase equivalent circuit is shown below.

Z,

Vir  _ 120 = 5.0475./-42.96°

I = =
Y Z,+Z, 17+j15404+ 1.2

§=3S,=3|1,[ Z, =3(5.0475)*(17 + j15) =1.3+ j1.1465 kVA
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Chapter 12, Problem 30.

In Fig. 12.56, the rms value of the line voltage is 208 V. Find the average power
delivered to the load.

Figure 12.56
For Prob. 12.30.

Chapter 12, Solution 30.

Since this a balanced system, we can replace it by a per-phase equivalent, as
shown below.

+ 4y
v, O
_ _ 2
S =38 _3V*P, y =l
p Zp P \/g
Vi (208)°

=1.4421/45° kVA

sVt
Z , 30£-45°
P=S8cosd =1.02kW
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Chapter 12, Problem 31.

A balanced delta-connected load is supplied by a 60-Hz three-phase source with a line
voltage of 240 V. Each load phase draws 6 kW at a lagging power factor of 0.8. Find:

(a) the load impedance per phase

(b) the line current

(c) the value of capacitance needed to be connected in parallel with each load phase to
minimize the current from the source

Chapter 12, Solution 31.

(a)

P
Pp =6,000, cos@=0.38, Sp =—L _=6/0.8=7.5kVA
cos@

Q, =S,sind =45kVAR

S =35, =3(6+j4.5) =18+ j13.5kVA
For delta-connected load, V, = V=240 (rms). But

. 2 2 2
LA oz, = e 3@ g 61444 j4.6080
zZ, S (18+ j13.5)x10
(b) P =A3V,1,cos0 —> I, = __0000  _jg04a
\/3x240x0.8
(c) We find C to bring the power factor to unity
0.=0,=45kVA  —— C= Q __ B0 s, UF

OV s 270060x240°
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Chapter 12, Problem 32.

A balanced Y-load is connected to a 60-Hz three-phase source with V,, =240 £0° V.
The load has pf = 0.5 lagging and each phase draws 5 kW. (a) Determine the load
impedance Z, . (b) Find I, I,, and I..

Chapter 12, Solution 32.

240

@) |V, |=V3V, =240 —— V, =5 =138.56
V,=V,<=30°
pf =05=cosf§ ——> O=060°
P=Scosf —— S= P :i=10kVA
cosd 0.5
Q= Ssinf =10sin 60 =8.66
S, =5+ 8.66 kVA
But
V? .V 2
Sp=—t —— Z == 138.56 -=0.96—j1.663
z S, (5+8.66)x10
Z,=0.96 +i1.663 O
®) I _ Vi _13856<30 _ h 0 900 A

“Z, 096+ /1.6627
I,=1,<—120° =72.17<-210°_A
I =1,<+120°=72.17<30° A
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Chapter 12, Problem 33.

A three-phase source delivers 4800 VA to a wye-connected load with a phase voltage of
208 V and a power factor of 0.9 lagging. Calculate the source line current and the source
line voltage.

Chapter 12, Solution 33.
S=~3V,1, 26

s=|s|=3Vv,1,

For a Y-connected load,
I =1, V. =43V,

S=3V,I,
~ S 4800
P33V, (3)(208)

I, =1 =769 A

V, =43V, =/3x208=360.3V

Chapter 12, Problem 34.

A balanced wye-connected load with a phase impedance of 10 —j16 Q is connected to a
balanced three-phase generator with a line voltage of 220 V. Determine the line current
and the complex power absorbed by the load.

Chapter 12, Solution 34.

v oYL 220
EREINE
Vp 220 127.02

ly=—"= = =6.732/58°
“Zy 3(10-jl6) 18.8682£-58°

I, =1, = 6.732A
S =3V I £0=+/3%x220%6.732.L-58° = 2565/ — 58°

S = 1359.2-j2175 VA

Chapter 12, Problem 35.
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(‘A))

PS Three equal impedances, 60 + ;30 Q each, are delta-connected to a 230-V rms,
three-phase circuit. Another three equal impedances, 40 + ;10 Q each, are wye-
connected across the same circuit at the same points. Determine:

(a) the line current
(b) the total complex power supplied to the two loads
(c) the power factor of the two loads combined

Chapter 12, Solution 35.

(a) This is a balanced three-phase system and we can use per phase equivalent circuit.
The delta-connected load is converted to its wye-connected equivalent

Z' = %ZA = (60+ j30)/3 =20+ j10

I

+

230V () 2y 2

Z,=7',11Z"y =(40+ j10)//(20 + j10) =13.5+ j5.5
230

[, =— =" —1461-j5953A
13.5+ j5.5

(b) S=V.I', =3.361+ j1.368 kVA

(c) pf=P/S=0.9261

Chapter 12, Problem 36.
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A 4200-V, three-phase transmission line has an impedance of 4 +j10 Q per phase. If it
supplies a load of 1 MVA at 0.75 power factor (lagging), find:

(a) the complex power
(b) the power loss in the line
(c) the voltage at the sending end

Chapter 12, Solution 36.

(a) S = 1[0.75 + sin(cos0.75) ] = 0.75 + j0.6614 MVA

) S (0.75+ j0.6614)x10°

b) S=3V1I' — I, = =59.52+ j52.49
®)y S=3,1 T 334200 g

P, =1, > R, =(79.36)*(4) = 25.19 kW

(©) V, =V, +1,(4+ j)=4.4381— j0.21kV =4.443£ -2.709° kV

Chapter 12, Problem 37.
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The total power measured in a three-phase system feeding a balanced wye-connected
load is 12 kW at a power factor of 0.6 leading. If the line voltage is 208 V, calculate the
line current /, and the load impedance Z,.

Chapter 12, Solution 37.

S=S/0=20/0=12-jl6kVA

But S=+3V,1, £0

b3x208 /-
2
s=31,| z,

For a Y-connected load, I, =1,.

S (12-jle)x10°
"l [ @GS’

Z

Z, =1298-j1.731Q

Chapter 12, Problem 38.
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(“:))
PS Given the circuit in Fig. 12.57 below, find the total complex power absorbed by the
load.

1Q 20

10200V (1)

110,240°
O&VIQ j2Q  9Q j12Q

() 1101200V

Figure 12.57
For Prob. 12.38.

Chapter 12, Solution 38.

As a balanced three-phase system, we can use the per-phase equivalent shown

below.
~ 0 110£0° 110£0°
P (1+2)+(9+jl12) 10+jl4
s L [z oL _UO° 9+ il2)
p ol Sy T 102 1142) VT

The complex power is
S=3S 3 (110)°
TP 2 296

9+ j12)

S = 551.86+ j735.81 VA

Chapter 12, Problem 39.
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.

4
PS Find the real power absorbed by the load in Fig. 12.58.

u 50 A
ANV
—joQ 4Q
100/120°V (= + ) 100/0° V
4 y0° f0 o
- 50 100
c : C
100 /=120° V 50
A,
Figure 12.58

For Prob. 12.39.

Chapter 12, Solution 39.
Consider the system shown below.

a 5Q A
MA
-j6 Q 4Q
100£120° 100£0° @ )
5Q
C 9 . MA . MA C
b B 10Q
100£-120° I,
5Q
MA
For mesh 1,
100=(18—-3j6)1, =51, -(8-j0)1, (1)
For mesh 2,
100£-120°=201, =51, 101,
20£-120°=-1,+41, =21, (2)
For mesh 3,
0=-8-3j6)1,-101, +(22-j3)I, 3)

To eliminate |,, start by multiplying (1) by 2,
200= (36— j12)1, =101, — (16— jI2) I, @)
Subtracting (3) from (4),
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200 = (44— j18) 1, — (38— jl5), (5)

Multiplying (2) by 5/4,

25/-120°=-1.251,+51, =251, (6)
Adding (1) and (6),
87.5-j21.65=(16.75-j6)1, —(10.5-j6)1, (7)

In matrix form, (5) and (7) become
[ 200 ] [44-j18 -38+j15]1,]

87.5—j12.65J:L16.75—j6 -10.5+ 6 1,

A=192.5-j26.25, A,=900.25-j9352, A,=110.3-j1327.6

1298.1£-46.09°
194.28 £ -7.76°

A
I, :j: = 6.682/-38.33°=5.242 — j4.144

= = 133222 -85.25 =6.8572£-77.49° =1.485 - j6.694

=
A 194.28£-7.76°

I, =

We obtain |, from (6),
1 1
I, :54-120°+ZI1 +EI3

I, = (-2.5— j4.33)+ (1.3104 — j1.0359) + (0.7425 — 3.347)
I, =-0.4471- j8.713

The average power absorbed by the 8-Q resistor is
P =[1, -1, [ (8)=]3.756 + j2.551|"(8) = 164.89 W

The average power absorbed by the 4-Q resistor is
P, =|1,] (4)= (6.8571)2(4) = 188.1 W

The average power absorbed by the 10-Q resistor is
P, =|1, -1, (10) =|-1.9321- 2.019[ (10) = 78.12 W

Thus, the total real power absorbed by the load is
P=P +P,+P, =4311W
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Chapter 12, Problem 40.

& »

PS For the three-phase circuit in Fig. 12.59, find the average power absorbed by the
delta-connected load with Z, =21+ j24Q.

100£0° V rms

100,/=120° V rms

100,120° V rms

Figure 12.59
For Prob. 12.40.

Chapter 12, Solution 40.

Transform the delta-connected load to its wye equivalent.

z, =20 7038
= = —+
Y 3 J
Using the per-phase equivalent circuit above,
B 100.£0°
* T (1+j0.5)+(7+8)

=8.5674£-46.75°

For a wye-connected load,
=1, =[1,|=8567

S=3 Zzp = (3)(8.567)2(7 + j8)

IP

P = Re(S) = (3)(8.567)%(7) = 1.541 KW
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Chapter 12, Problem 41.

A balanced delta-connected load draws 5 kW at a power factor of 0.8 lagging. If the
three-phase system has an effective line voltage of 400 V, find the line current.

Chapter 12, Solution 41.

—£—M—625kVA
“pf 08

But S=43V,I,
S 6.25x10°

= =0.021A

I =
LBV, A3x400

Chapter 12, Problem 42.

A balanced three-phase generator delivers 7.2 kW to a wye-connected load with
impedance 30 — j40 Q) per phase. Find the line current /, and the line voltage V.

Chapter 12, Solution 42.
The load determines the power factor.

40
tan0=——=1.333 —— 06=53.13°
30
pf =cos8=0.6 (leading)
(7.2 i
=725 J08)=7.2- 9.6 kVA
2
Bu  s=3[1,[z,

> S (12-19.6)x10°

L] = 3Z, (3)(30- j40) =80
I, =8.944 A
I, =1, =8944A

S 12x10°

V, = = = 7746V
LB 38944 ———
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Chapter 12, Problem 43.

.

4
PS Refer to Fig. 12.48. Obtain the complex power absorbed by the combined loads.

Chapter 12, Solution 43.

2
S=3 Z_, [, =1, for Y-connected loads

p

IP
S = (3)(13.66)2(7.812 — j2.047)

S=4.373-j1.145 kVA

Chapter 12, Problem 44.

&)

P))S A three-phase line has an impedance of 1 + ;3 Q per phase. The line feeds a balanced
delta-connected load, which absorbs a total complex power of 12 + ;5 k VA. If the line
voltage at the load end has a magnitude of 240 V, calculate the magnitude of the line
voltage at the source end and the source power factor.

Chapter 12, Solution 44.
For a A-connected load,

V,=V,, I =31
S=+3V,I,

S AJ(122+5%)x10°

[ = _ =31.273
RN /3 (240)

At the source,
V=V, +1,Z,
V| =24020°+(31.273)(1+ [3)
V| =271.273 + j93.819
|V, |=287.04V

Also, at the source,
S =43V, 1;
S = x/§(271.273 +793.819)(31.273)

- _1(93.819
— 271273

pf = cos0=0.9451

j =19.078
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Chapter 12, Problem 45.

A balanced wye-connected load is connected to the generator by a balanced transmission
line with an impedance of 0.5 + ;2 Q per phase. If the load is rated at 450 kW, 0.708
power factor lagging, 440-V line voltage, find the line voltage at the generator.

Chapter 12, Solution 45.

S=+3V,I, 26

| |s|«-0 | \—3—450X103—6356WA
LT3y, “pf 0708

| (039020 o0 s

b Bx440

At the source,
V, =440£0°+1, (0.5+j2)
V, =440+ (834 £-45°)(2.062.£76°)
V, =440+1719.7/£31°
V, =1914.1+ j885.7
V, =2.109£24.83° kV

Note, this is not normally experienced in practice since transformers are use which can
significantly reduce line losses.
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Chapter 12, Problem 46.

A three-phase load consists of three 100- Q2 resistors that can be wye- or delta-connected.
Determine which connection will absorb the most average power from a three-phase
source with a line voltage of 110 V. Assume zero line impedance.

Chapter 12, Solution 46.

For the wye-connected load,

=1, V, =3V, ,=V,/Z
2 2
3IV. [ 3|V, /A3
AANNULS
S= =T =121W

For the delta-connected load,
vV, =V, I, =31, [ =V /Z

2 2
- p p - Z* - Z*
(3)(110)°
=————=363W
100
This shows that the delta-connected load will deliver three times more average
Z

power than the wye-connected load. This is also evident from Z, = TA
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Chapter 12, Problem 47.

The following three parallel-connected three-phase loads are fed by a balanced three-
phase source:

Load 1: 250 kVA, 0.8 pf lagging
Load 2: 300 kVA, 0.95 pf leading
Load 3: 450 kVA, unity pf

If the line voltage is 13.8 kV, calculate the line current and the power factor of the source.
Assume that the line impedance is zero.

Chapter 12, Solution 47.

pf =0.8 (lagging) ——> 0=cos™(0.8)=36.87°
S, =250£36.87°=200+ jl150 kVA

pf =095 (leading) ——> 0=cos'(0.95)=-18.19°
S, =300£-18.19°=285-793.65 kVA

pf=1.0 —— 0=cos'(1)=0°
S, =450 kVA

S, =S,+S,+S, =935+ j56.35 = 936.7.£3.45° kVA
S, [=3V.1,

936.7x10°
b J3(13.8x10%)

=39.19 Arms

pf = cosO =cos(3.45°) = 0.9982 (lagging)
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Chapter 12, Problem 48.

x“:))

PS A balanced, positive-sequence wye-connected source has V,, =240 £0° V rms and
supplies an unbalanced delta-connected load via a transmission line with impedance

2 +j3 Q) per phase.

(a) Calculate the line currents if Z,, =40 +15Q, Z,,=60Q, Z., =18 —;12Q.
(b) Find the complex power supplied by the source.

Chapter 12, Solution 48.
(a) We first convert the delta load to its equivalent wye load, as shown below.

A

A

VAN

18-j120 404150

Zy
Zc

N
vy
@

60Q

, 40+ /15)(18— j12)

=7.577— j1.923
A 118+ ;3 /
_ 0G0+ 5. _ 50504 17.105
118+ 3
=S8 12) _ ¢ 995 _ 63303
118+ /3
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The system becomes that shown below.
a 2+j3 A

+
240<0°

Za

Zp Zc

240<-120°
2+i3

2+i3

We apply KVL to the loops. For mesh 1,
—240+240£-120° +1,2Z,+Z ,+Z,)—1,(Z, +Z,) =0

or

(32.097 + j11.13)1, —(22.52 + j10.105)1, =360 + j207.85 (1)
For mesh 2,

240£120° —=240£-120° -1, (Z, + Z))+1,2Z, + Z, + Z.) =0

or

—(22.52+ j10.105)1, + (33.51+ j6.775)1, = —j415.69 (2)

Solving (1) and (2) gives
I, =23.75-,;5.328, I, =15.165-;11.89

I, =1 =2434/-12.64° A, 1,,=1,—1 =10.81£-142.6° A

1. =-1,=1927/141.9° A

(b) S.=(240£0°)(24.34£12.64°) = 5841.6/12.64°
Sy = (2402 -120°)(10.81£142.6°) = 2594.4./22.6°
Sy =(2402120°)(19.27/ —141.9°) = 4624.8 £ — 21.9°

S =S8.+8,+8. =12.386+ j0.55 kVA =12.4/2.54° kKVA
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Chapter 12, Problem 49.

Each phase load consists of a 20-€Q resistor and a 10-Q inductive reactance. With a line
voltage of 220 V rms, calculate the average power taken by the load if:

(a) the three-phase loads are delta-connected
(b) the loads are wye-connected

Chapter 12, Solution 49.

(a) For the delta-connected load, Z, =20+ j10Q, V, =V, =220 (rms),

2 2
oy _ 332207 seng 2904 = 6.943.£26.56° KVA

Tz, (20— j10)
or 5.808kW

(b) For the wye-connected load, Z, =20+ ,/10Q2, V, =V, / V3,

2 2
Vo 332307 5 164,26.56° KVA or 1.9356 KW

§=""L =
Z',  3(20-j10)

Chapter 12, Problem 50.

A balanced three-phase source with V, =240 V rms is supplying 8 kVA at 0.6 power
factor lagging to two wye-connected parallel loads. If one load draws 3 kW at unity
power factor, calculate the impedance per phase of the second load.

Chapter 12, Solution 50.

S=5+5,=8(0.6+j08) =48+ j6.4kVA, S;=3kVA
Hence,

S, =85-51 =18+ j6.4kVA

_ 2 V _ ] 2
But S223V—*p, V,=—F — 52=V*L
Z P \/g Z P
* 2
7, =l 20 > Z,=2.346+ j8.34Q

S, (1.8+ j6.4)x10°
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Chapter 12, Problem 51.

< 3

PS ML Consider the A-A system shown in Fig. 12.60. Take Z;= 8 +j6Q, Z,=4.2 -
22Q,Z,=10+,0Q.

(a) Find the phase current |, I, 1.
(b) Calculate line currents I, 1,5, and I...

a A

240000V (F) (3 2402120°V Z, <
Zy
c C —
b + B
240,120° V
Figure 12.60
For Prob. 12.51.
Chapter 12, Solution 51.
This is an unbalanced system.
1, =280<0 _240<00_ 19,5144 A 192144 A

Z, 8+ j6

_240£120°  240/120°

BC = = 50.62/£147.65° = -42.76+]27.09 A

Z,  47413/-27.65
lox = 240£-120° _ 240£-120° _ 1 o0
Z4 10 =S e
At node A,

I,=1,-1.,=(0192-j144)—(-12—-j20.78) =312+ j6.38 A = 31.2+{6.38 A

Ly =1, —1,=(-42.76+ j27.08)—(19.2— j14.4) =—61.96+ j41.48 A
— _61.96+j41.48 A

lc =1,,—1 ,.=(~12— j20.78)— (-42.76 + j27.08) = 30.76 — j47.86 A
= 30.76-j47.86 A

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 12, Problem 52.

A four-wire wye-wye circuit has

V., =120 £120°, V,, =120 £0°
V=120 £-120° V

If the impedances are

Z,=20 £60°, Zy =30 £0°
Z,=40 £30°Q

find the current in the neutral line.

Chapter 12, Solution 52.

Since the neutral line is present, we can solve this problem on a per-phase basis.

Vo, 120£-120°

=6£60°

=4,0°

_V,  1202120°
"7 Z, 20£60°
|~ Ve _12020°
DT Zy 30£0°

I -
© T Zew | 40230°

Thus,
-lo=1, +1, + 1,

=3/-150°

1, =6/60°+4.,0°+3./-150°
1, =(3+j5.196) + (4) + (-2.598 — jl.5)

-1, =4.405+ j3.696 =

I, =5.75£220° A

5.75£40°
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Chapter 12, Problem 53.

In the Y-Y system shown in Fig. 12.61, loads connected to the source are unbalanced.
(a) Calculate 1., 1,, and I.. (b) Find the total power delivered to the load. Take

V,=240 V rms.

V,/120°

V,/-120°
80 Q

Figure 12.61
For Prob. 12.53.

Chapter 12, Solution 53.

Applying mesh analysis as shown below, we get.

_» Ia
C VpZ0° 2 100Q2
I
Vp£120° Vp/-120° 80Q
I, 60 Q
-
L
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240 < —120° — 240 < 0° + 1,x160— 601, = 0

240 <120° -—240 < -120" +1407, - 601, =0

In matrix form, (1) and (2) become
160 —60| 7, | |360+ ;207.84
60 140 || 1, | | —j415.7

Using MATLAB, we get,

>>7=[160,-60;-60,140]
7 =
160 -60
-60 140
>> V=[(360+207.81);-415.7i]
V=
1.0e+002 *
3.6000 + 2.0780i
0-4.15701
>> [=inv(2)*V
1=
2.6809 + 0.2207i
1.1489 - 2.8747i

—

—

I} =2.681+j0.2207 and I, = 1.1489—2.875
I,=1,=269£4.71° A

1607, — 601, =360+ j207.84 (1)

1401, 601, =—j415.7 (2

I,=I, -1, =-1.5321-3.096 = 3.454/-116.33° A

I.=-1,=3.096£111.78" A

a

S =1, Z, =(2.697x100="723.61W

S, =1, Z, =(3.454)’x60=715.81W
S. =1, Z,=(3.0957)*x80 = 766.67 W

P=P,+ P, + P.=2.205 kW
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Chapter 12, Problem 54.

A balanced three-phase Y-source with V, =210 V rms drives a Y-connected three-phase
load with phase impedance Z,=80Q, Z, =60 +,90Q, and Z.=;80Q . Calculate the
line currents and total complex power delivered to the load. Assume that the neutrals are

connected.

Chapter 12, Solution 54.

Consider the load as shown below.

L A
> s A
Ny
I
° B C
I
[ =29<0 565
80
21020° 210

= 1.9414,-56.31° A

® 760190 108.17/56.31°

I, _210<0° 5 65900 A
780
S, =VI, =210x2.625=551.25
2 2
S,,:V],j‘:'V,J __210 =226.15+ j339.2
Z,  60-;90
2 2
S, :ﬂ:&:jssus
Z.  —j80

S=S +8,+S, =777.4+ j890.45 VA
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Chapter 12, Problem 55.

A three-phase supply, with the line voltage 240 V rms positively phased, has an
unbalanced delta-connected load as shown in Fig. 12.62. Find the phase currents and the
total complex power.

A
j25Q 40 Q
L c
30/30° Q
Figure 12.62

For Prob. 12.55.

Chapter 12, Solution 55.
The phase currents are:
Lysp = 240/j25 = 9.6/-90° A
Ics=2402120°/40 = 6£120° A
Ipc=240/-120°/30£30° = 8£-150" A
The complex power in each phase is:
S = Ly [ Z,5 =(9.6)" j25= j2304
S.e=11,[Z, =(6)40<0°=1440

S =l Lo " Zse =(8)°30<30° =1662.77 + j960
The total complex power is,

S=8,+S,.+5,. =3102.77+ j3264 VA = 3.103+j3.264 KVA
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Chapter 12, Problem 56.

Refer to the unbalanced circuit of Fig. 12.63. Calculate:

(a) the line currents
(b) the real power absorbed by the load
(c) the total complex power supplied by the source

a A
440/0°V e
L 50
44021200V () 401200V
c C

Figure 12.63
For Prob. 12.56.

Chapter 12, Solution 56.

(a) Consider the circuit below.

jl10 0
440£0° Iy
B .
-+ @ —~-15Q
440/120° 1500
440/-120 @ 200

For mesh 1,

440£-120°-440£0°+j10(1, = 1,)=0
_ (440)(1.5+ j0.866)
B jlo

-1, =76.21/-60° (1)

For mesh 2,
440£120°-440£-120°+20(1,-1,)=0

_ (440)(j1.732) _ 381 o

3 2 20
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For mesh 3,
jaod, -1)+20(,-1,)-j51,=0

Substituting (1) and (2) into the equation for mesh 3 gives,
(440)(-1.5+ j0.866) .
.= s =152.42260 3)

From (1),
I, =1,+7621£-60°=114.315+ j66 =132.£30°

From (2),
I,=1,-338.1=76.21+j93.9 =120.93 £50.94°

I, =1, =132/30° A

I, =1, 1, =-38.105+ j27.9 = 47.23./143.8° A

I, =-1,=120.9.,230.9° A

C

(d) Sy =|1,—1,['(j10) = 58.08 kKVA
Spe =|1, -1, (20)=29.04 kvA
Sca Z\ I \2(-j5) = (152.42)*(-j5) = -j116.16 kVA

S=S,5+Ssc +Sc, =29.04—-j58.08 kKVA
Real power absorbed = 29.04 kW

(©) Total complex supplied by the source is
S =29.04-j58.08 kVA
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Chapter 12, Problem 57.

Determine the line currents for the three-phase circuit of Fig. 12.64. Let V, =110 £0°,
V,=110£-120°,V,=110 £120° V.

80 +/50 Q

0 ~j40 Q

Figure 12.64
For Prob. 12.57.

Chapter 12, Solution 57.
We apply mesh analysis to the circuit shown below.
la

80+ 500
L

(100+ j80)I, — (20+ j30)[, =V, —V, =165+ j95.263 (1)
—(20+ j30)I, + (80— j10), =V, V. = —j190.53 2)
Solving (1) and (2) gives 1, =1.8616— j0.6084, I, =0.9088 — j1.722..

1

a

1,=1.9585£—18.1° A, I, =1,—1, =—0.528— j1.1136 = 1.4656£—130.55" A

I.=-1,=1947/117.8° A

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 12, Problem 58.
(‘)))
PS Solve Prob. 12.10 using PSpice.
Chapter 12, Solution 58.
The schematic is shown below. IPRINT is inserted in the neutral line to measure the
current through the line. In the AC Sweep box, we select Total Ptss = 1, Start Freq. =
0.1592, and End Freq. = 0.1592. After simulation, the output file includes
FREQ IM(V_PRINT4) IP(V_PRINT4)
1.592 E-01 1.078 E+01 -8.997 E+01

1.e. I, = 10.784£-89.97° A

R2
MM
2
R5 =25
ACMAG=220v V1 0.1 C1
ACPHASE=0 @ ACMAG=220V s
- CPHASE=-1
L1
5H
ACMAG=220V PHASE=yes
ACPHASE=120 R4 =10

R3
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Chapter 12, Problem 59.

The source in Fig. 12.65 is balanced and exhibits a positive phase sequence. If f= 60 Hz,
use PSpice to find V,y, Vs, and V.

Figure 12.65
For Prob. 12.59.
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Chapter 12, Solution 59.

The schematic is shown below. In the AC Sweep box, we set Total Pts = 1, Start Freq
= 60, and End Freq = 60. After simulation, we obtain an output file which includes

FREQ VM(1) VP(1)
6.000 E+01  2.206 E+02  —3.456 E+01
FREQ VM(2) VP(2)
6.000 E+01  2.141 E+02  —8.149 E+01
FREQ VM(3) VP(3)
6.000 E+01  4.991 E+01  —5.059 E+01

ie.  Van = 220.6£-34.56°, Vpn = 214.1/-81.49°, Ven = 49.91/-50.59° V

AC=yes
1 é‘»” MAG=ok
PHASE=ok
ACMAG=100V
ACPHASE=0 ACMAG=100V C1-=- 02mF
ACPHASE=-120 R1 0
(0 ;
L1
ACMAG=100V

ACPHASE=120 |Y©
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Chapter 12, Problem 60.

Use PSpice to determine |, in the single-phase, three-wire circuit of Fig. 12.66. Let
Z,=15-j10Q,Z,=30+,;20Q,and Z, =12 +;5Q).

Figure 12.66
For Prob. 12.60.
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Chapter 12, Solution 60.

The schematic is shown below. IPRINT is inserted to give I,. We select Total Pts = 1,
Start Freq = 0.1592, and End Freq = 0.1592 in the AC Sweep box. Upon simulation,
the output file includes

FREQ IM(V_PRINT4)  IP(V_PRINT4)
1.592 E-01 1421 E+00 ~1.355 E+02
from which, I, = 1.421/-1355° A
R7 MAG=yes
—A MM T PH’&"SEl Y5 IPRINT
4
i
ACMAG=220V |
ACPHASE=0 @ o T " ee S
AA"
4 L2
L
) [
ACMAG=220V
ACPHASE=0 V9 Ri = ag
R3
— M
4
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Chapter 12, Problem 61.

Given the circuit in Fig. 12.67, use PSpice to determine currents |, and voltage V,,.

240/0° V
L a 49 30 A4 10Q j15Q
—j36Q == = —j36Q

HOLLEV - yo 30 |5 | 10Q ji50
n —C —— AW — S MWW T N
_j36Q ==

240/120° V
207V 40 j3Q 10Q j15Q

) ——ww—Tm T

Figure 12.67
For Prob. 12.61.
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Chapter 12, Solution 61.

The schematic is shown below. Pseudocomponents IPRINT and PRINT are inserted to
measure [,5 and Vpn. In the AC Sweep box, we set Total Pts = 1, Start Freq = 0.1592,
and End Freq = 0.1592. Once the circuit is simulated, we get an output file which
includes

FREQ VM(2) VP(2)
1.592 E-01 2.308 E+02 —1.334 E+02
FREQ IM(V_PRINT?2) IP(V_PRINT2)
1.592 E-01 1.115 E+01 3.699 E+01
from which
La = 11.15/37° A, Vgn = 230.8£4-133.4°V
ACMAG=240Y IPRINT
ACPHASE=D 21 E
Ho—w N L 8
e 4 i f, YTV TV L g
aH 0.027e L €1 10 18H
ACMAG=240

ACPHASE=-120

. R3 A=k
s : L3 R4 L4
@% 2 "\-""\-"‘V VYV 00278— oK

3H 00278 = C2 18H L
10

ACMAG=240
MCPHASE=120

4 A I A A g .

V3 aH 10 18H
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Chapter 12, Problem 62.

The circuit in Fig. 12.68 operates at 60 Hz. Use PSpice to find the source current |, and
the line current | ,;.

1Q 2mH A 16Q

110/120° V (D

Figure 12.68
For Prob. 12.62.
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Chapter 12, Solution 62.

Because of the delta-connected source involved, we follow Example 12.12. In the AC
Sweep box, we type Total Pts = 1, Start Freq = 60, and End Freq = 60. After

simulation, the output file includes

FREQ IM(V_PRINT?)
6.000 E+01  5.960 E+00
FREQ IM(V_PRINTI)
6.000 E+01 7.333 E+07

IP(V_PRINT2)
-9.141 E+01
IP(V_PRINT1)

1.200 E+02

From which
Ly = 7.333x107 £/120° A, Iig = 5.96/-91.41° A

L2 RE
E i ""-.-"I"-.-"I"v'
2mH 16
i\ - ACMAG=110Y
T =CE ACPHASE=D
§1MEQ§R12 @ = IPRINT
RE C1
Wl
ACMAG=110Y ,9 04 I—1
ACPHASE=120 ACMAG=110v 133u
ACPHASE=-120
Theg <R13
Tul RID
= L4 LG
C . % L e S T L S S
1 2mH 27rnH

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 12, Problem 63.

Use PSpice to find currents |, and |, in the unbalanced three-phase system shown in
Fig. 12.69. Let

Z,=2+j, Z,=40+;20Q,
Z,=50-j30Q,Z,=25Q

220,/0°V Z,
D — A

N —
Z,
2041200V 4
V) | — 7
NI/ ey S— B 3
Z,
220 /120° V 7
1 C
D 1

4e
< e

Figure 12.69
For Prob. 12.63.
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Chapter 12, Solution 63.
Let w =1 sothat L=X/w =20H, andC=L= 0.0333F

X
The schematic is shown below.
JPRINT O IPRINT
L—"’.’
L B . . [ =]
-A-CFJH-ASE=;- -
ACMAG=220Y . i -
SRR -Rs-g-zﬁ-
o . o R L2 .
. D<]_| B e i TATA T I R A I Se—— T
-ﬁDPH,&SE:-w;---- 2l |
L ACMBE=2AY ST
1 0:0333
‘v’S ORI L3.
ﬁ AW R g
ACF‘HASE 12kﬁ"/l -2 o TH :

_I

When the file is saved and run, we obtain an output file which includes the following:
FREQ IM(V_PRINT1)IP(V_PRINT1)
1.592E-01  1.867E+01  1.589E+02
FREQ IM(V_PRINT2)IP(V_PRINT2)

1.592E-01 1.238E+01 1.441E+02

From the output file, the required currents are:

1, =18.67/158.9° A, I,. =1238/144.1° A

Chapter 12, Problem 64.
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For the circuit in Fig. 12.58, use PSpice to find the line currents and the phase currents.

Chapter 12, Solution 64.

We follow Example 12.12. In the AC Sweep box we type Total Pts = 1, Start Freq =
0.1592, and End Freq = 0.1592. After simulation the output file includes

FREQ IM(V_PRINTI) IP(V_PRINTI)
1.592 E-01 4.710 E+00 7.138 E+01
FREQ IM(V_PRINT?) IP(V_PRINT?)
1.592 E-01 6.781 E+07 ~1.426 E+02
FREQ IM(V_PRINT3) IP(V_PRINT3)
1.592 E-01 3.898 E+00 ~5.076 E+00
FREQ IM(V_PRINT4) IP(V_PRINT4)
1.592 E-01 3.547 E+00 6.157 E+01
FREQ IM(V_PRINTS) IP(V_PRINTS)
1.592 E-01 1357 E+00 9.781 E+01
FREQ IM(V_PRINT6) IP(V_PRINT6)
1.592 E-01 3.831 E+00 ~1.649 E+02

from this we obtain

La = 4.71£71.38° A, Tyg = 6.781£-142.6° A, I.c = 3.898£-5.08° A

Ing = 3.547£61.57° A, Iac = 1.357£97.81° A, Igc = 3.831£-164.9° A
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Chapter 12, Problem 65.

A balanced three-phase circuit is shown in Fig. 12.70 on the next page. Use PSpice to
find the line currents I, |5, and |...

0.6Q j05Q 4

ANA— T ———————
020
30Q
020 § j1Q
= —j20 Q 300
240410°v () 06Q j05Q
j1Q E b L B
= —20Q
30Q
240,/130° V (;) jlQ
= —j20Q
02Q= 60 joso
ANA—TTD
c c

Figure 12.70
For Prob. 12.65.

Chapter 12, Solution 65.

Due to the delta-connected source, we follow Example 12.12. We type Total Pts = 1,
Start Freq = 0.1592, and End Freq = 0.1592. The schematic is shown below. After it
is saved and simulated, we obtain an output file which includes

FREQ IM(V_PRINT1) IP(V_PRINT1)
1.592E-01  1.140E+01 8.664E-+00
FREQ IM(V_PRINT2) IP(V_PRINT2)
1.592E-01  1.140E+01 -1.113E+02
FREQ IM(V_PRINT3) IP(V_PRINT3)
1.592E-01  1.140E+01 1.287E+02

Thus, La = 11.02£12° A, Ty = 11.02£-108° A, I.c = 11.02£132° A
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Since this is a balanced circuit, we can perform a quick check. The load resistance is
large compared to the line and source impedances so we will ignore them (although it
would not be difficult to include them).
Converting the sources to a Y configuration we get:

Van = 138.56 £/-20° Vrms

and

Zy=10-j6.667 =12.019£-33.69°
Now we can calculate,

Lo = (138.56 £-20°)/(12.019£-33.69°) = 11.528 £13.69°
Clearly, we have a good approximation which is very close to what we really have.
PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 12, Problem 66.

A three-phase, four-wire system operating with a 208-V line voltage is shown in Fig.
12.71. The source voltages are balanced. The power absorbed by the resistive wye-
connected load is measured by the three-wattmeter method. Calculate:

(a) the voltage to neutral

(b) the currents I, I,, 15, and I,

(c) the readings of the wattmeters

(d) the total power absorbed by the load

Figure 12.71
For Prob. 12.66.
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Chapter 12, Solution 66.

@ V Vo _ 208 120V
a == =
P33 —

(b) Because the load is unbalanced, we have an unbalanced three-phase
system. Assuming an abc sequence,

120.£0°

|| =—g =2540°A
120.£-120° ]

=g =34-120°A
120.£120° ]

=T = 24120°0A

-l =+l :2-5+(3)(-0.5—jg]+(2)(-0.5+jg}
3

I = = J0.866 = 0.866.£90° A

Hence,
I[[=25A, 1,=3A, ,=2A, I, =0.866 A

(c) P, =I*R, =(2.5)*(48)= 300 W
P, = 2R, = (3)2(40) = 360 W
P, =I2R, = (2)2(60) = 240 W

(d) P, =P +P,+P, =900 W
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Chapter 12, Problem 67.

ewd * Asshown in Fig. 12.72, a three-phase four-wire line with a phase voltage of 120
V rms and positive phase sequence supplies a balanced motor load at 260 kVA at 0.85 pf
lagging. The motor load is connected to the three main lines marked a, b, and c. In
addition, incandescent lamps (unity pf) are connected as follows: 24 kW from line ¢ to
the neutral, 15 kW from line b to the neutral, and 9 kW from line ¢ to the neutral.

(a) If three wattmeters are arranged to measure the power in each line, calculate the
reading of each meter.
(b) Find the magnitude of the current in the neutral line.

Motor load

d o
260 kVA,
0.85 pf, lagging

24kW 15kW 9kW
Lighting loads

Figure 12.72
For Prob. 12.67.

* An asterisk indicates a challenging problem.
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Chapter 12, Solution 67.

(a)

(b)

The power to the motor is
P, =Scos0=(260)(0.85) =221 kW
The motor power per phase is

1
P, =3Py =73.67kW

Hence, the wattmeter readings are as follows:
W, =73.67+24=97.67 kW

W, = 73.67+15 = 88.67 kW
W, =73.67+9= 82.67 KW

The motor load is balanced so that I, =0.

For the lighting loads,
[ - 24,000 200 A
‘ 120
L= 15,000 _125 A
b 120
9,000
I. = 20 - 75 A
If we let

I, =1,.20°=200£0° A
I, =125/-120° A

I, =75£120° A
Then,
-l =1+ +1
3 3
-1, =200+ (125)(—0.5— j§j+ (75)[—0.5+j§j

Sl =100-j433 A
[1,|= 108.97 A
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Chapter 12, Problem 68.

Meter readings for a three-phase wye-connected alternator supplying power to a motor
indicate that the line voltages are 330 V, the line currents are 8.4 A, and the total line
power is 4.5 kW. Find:

(a) the load in VA
(b) the load pf

(c) the phase current
(d) the phase voltage

Chapter 12, Solution 68.

(@)  S=~3V,I, =~/3(330)(8.4) = 4801 VA

P
(b) P=Scos6 —— pf:cosezg

4500

= 480104 ~ 272

pf

(©) For a wye-connected load,

[, =1, =84A
V. 330
d V,=—&="==19053V
@ V=T TRy
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Chapter 12, Problem 69.

A certain store contains three balanced three-phase loads. The three loads are:
Load 1: 16 kVA at 0.85 pf lagging

Load 2: 12 kVA at 0.6 pf'lagging

Load 3: 8 kW at unity pf

The line voltage at the load is 208 V rms at 60 Hz, and the line impedance is
0.4 +;0.8€Q2. Determine the line current and the complex power delivered to the loads.

Chapter 12, Solution 69.

Forload 1,
S1=8,cos8,+S,sin b,
pf =085=cos§ —— 6,=31.79°
S1=13.6+ /8.43 kVA
For load 2,
S, =12x0.6+ j12x0.8=7.2+ j9.6 kVA
For load 3,

S;=8+j0 kVA

S=8+8,+8, =288+ j18.03 =28.8+j18.03 kVA
But SP = V|::||:>’x< with Ip=1Ip

[* _ Sp _ (28800+ ji8030)
L7 3x120.08

I =79.95-j50.05 =94.32/-32.05° A. Note, this is relative to 120.0820° V. If we
assume a positive phase rotation and V,, = 208 £0°, then V,, = 120.08 £-30° which
yields I, = 94.32/-62.05" A, I, = 94.32£177.95" A, 1. = 94.32/57.95" A.
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Chapter 12, Problem 70.

The two-wattmeter method gives P, = 1200 W and P, =400 W for a three-phase motor
running on a 240-V line. Assume that the motor load is wye-connected and that it draws a
line current of 6 A. Calculate the pf of the motor and its phase impedance.

Chapter 12, Solution 70.
P, =P, +P, =1200-400 = 800

Q, =P, — P, = -400—1200 = -1600

Z, =40£-63.43°Q
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Chapter 12, Problem 71.

In Fig. 12.73, two wattmeters are properly connected to the unbalanced load supplied by
a balanced source such that V,, = 208 £0° V with positive phase sequence.

(a) Determine the reading of each wattmeter.
(b) Calculate the total apparent power absorbed by the load.

Figure 12.73
For Prob. 12.71.
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Chapter 12, Solution 71.

(a) IfV, =208£0°, V,, =208/-120°, V_ =208.,120°,
. V., _ 208£0°
ABTZ 20
.= Vie _ 2082-120° =14.708./ - 75°
B¢ Zue 1042 2-450 T

V 208 £120°

I ca

=10.4£0°

ATz 13£22.62°

=16£97.38°

=1, —lc, =10.420°-16.£97.38°
I, =10.4+2.055— j15.867
I, =20.171£-51.87°

lo=loy =y =16297.83°-14.708£ - 75°
. =30.64101.03°

P, = ‘ Vi |l Laa COS(evﬂb _eIaA)
P, =(208)(20.171)cos(0°+51.87°) = 2590 W

b, = ‘ Volllec COS(evcb _elcc)
But V, =-V, =208£60°

P, = (208)(30.64) cos(60° — 101.03°) = 4808 W

(b) P, =P +P, =7398.17 W
Q, =3 (P, —P,) = 3840.25 VAR
S, =P, +jQ, = 7398.17 + j3840.25 VA
S; =|S; |=8335 VA
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Chapter 12, Problem 72.

If wattmeters W, and W, are properly connected respectively between lines a and b and
lines b and ¢ to measure the power absorbed by the delta-connected load in Fig. 12.44,
predict their readings.

Chapter 12, Solution 72.

From Problem 12.11,
V., =220£130°V  and I, =30£180° A

P, = (220)(30)cos(130°— 180°) = 4242 W

Ve = -V = 220.2190°
l. =30Z-60°

P, = (220)(30) cos(190°+ 60°) = - 2257 W
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Chapter 12, Problem 73.

For the circuit displayed in Fig. 12.74, find the wattmeter readings.

w,
+
1IN I
240,/-60° V % Z
% W, Dz=10+j30£z
240,/-120° V % Z
+ +
1IN
Figure 12.74

For Prob. 12.73.
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Chapter 12, Solution 73.

Consider the circuit as shown below.

Iy

240/-60°V ( T
_ Z

240£-120° V er) z
|2 ? Ib A IC

Z=10+j30=31.62£71.57°

240£-60°

"~ 31.62/71.57°
240/ -120°

|, =—————
b 31.62/71.57°

=7.59/£-131.57°

=7.59£-191.57°

1.Z2+240£-60°-240£-120°=0
-240

|, =——— - =7.59/108.43°
¢ 31.62£71.57° 759210843

I,=1,-1,=13.146£-101.57°
I, =1, +1, =13.146£138.43°

P, =Re[V, I! | = Re[ (2402 - 60°)(13.146 £101.57°) | = 2360 W

P, =Re[V, I} | = Re[ (240£-120°)(13.146 £ -138.43°) | = - 632.8 W
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Chapter 12, Problem 74.

Predict the wattmeter readings for the circuit in Fig. 12.75.

I Z
T I
208/0° V %
V4
W, I
208 /=60° V
+ Z =60—j30Q
—Tm I
Figure 12.75

For Prob. 12.74.
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Chapter 12, Solution 74.

Consider the circuit shown below.

Z=60-j30Q
[ ]

L |
208.£0°V C) @

Z
[ ]
L
208./-60° V G) @
Z
[ ]
L
For mesh 1,
208=2271,-21,
For mesh 2,

-208/-60°=-Z1,+2Z1,

In matrix form,
208 | [2z -zT1,]
[-208/-60°) -z 2z]1,

A=3Z2, A, =(208)(1.5+]0.866)Z, A, =(208)(jl.732)Z

| A, (208)(1.5 + j0.866) 1789./56.56°
A (3)60-730) '

P =Re[V, 1" | = Re[ (208)(1.789.2 - 56.56°) | = 208.98 W

P, =Re[V, (-1,)" ] = Re[ (2082 - 60°))(1.79.£63.44°) | = 371.65 W
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Chapter 12, Problem 75.

A man has a body resistance of 600 (2. How much current flows through his ungrounded
body:

(a) when he touches the terminals of a 12-V autobattery?
(b) when he sticks his finger into a 120-V light socket?

Chapter 12, Solution 75.

) I—X—£—20mA

(a R~ 600

(b) =Y _120  oma
R 600

Chapter 12, Problem 76.

ed Show that the 7°R losses will be higher for a 120-V appliance than for a 240-V
appliance if both have the same power rating.

Chapter 12, Solution 76.

If both appliances have the same power rating, P,

P
= 75
, P
For the 120-V appliance, I, = 120"
, P
For the 240-V appliance, I, = 240

[P2R

2
Power loss =I*R = J %)220

for the 120-V appliance

240° for the 240-V appliance

Since the losses in the 120-V appliance are higher.

1
1202 ~ 2407 °

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 12, Problem 77.

A three-phase generator supplied 3.6 kVA at a power factor of 0.85 lagging. If 2500 W
are delivered to the load and line losses are 80 W per phase, what are the losses in the
generator?

Chapter 12, Solution 77.

P :PT_Pload_P

g

line > pf =0.85

But P, =3600cos0=3600x pf =3060

P, = 3060 — 2500 — (3)(80) = 320 W

Chapter 12, Problem 78.

A three-phase 440-V, 51-kW, 60-kVA inductive load operates at 60 Hz and is wye-
connected. It is desired to correct the power factor to 0.95 lagging. What value of
capacitor should be placed in parallel with each load impedance?

Chapter 12, Solution 78.

51
coselzazo.SS —> 0,=31.79°

Q, =S, sin®, = (60)(0.5268) = 31.61 kVAR

P, =P, =51kW
cosf, =095 —— 0,=18.19°

P
S, =—2—=53.68 kVA
cosO,

Q, =S,sin0, =16.759 kVAR

Q,=Q,-Q, =3.61-16.759 =14.851 kVAR

For each load,

Q, = Q3 = 4.95kVAR
Q. 4950

C= = = 67.82 uF
V2 (2n)(60)(440)? L2 BT

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 12, Problem 79.

A balanced three-phase generator has an abc phase sequence with phase voltage

V., =255 £0° V. The generator feeds an induction motor which may be represented by a
balanced Y-connected load with an impedance of 12 + ;5 Q) per phase. Find the line
currents and the load voltages. Assume a line impedance of 2 Q) per phase.

Chapter 12, Solution 79.

Consider the per-phase equivalent circuit below.

I, 2Q

a ——>— F———A

Van CD D Zy=12+j5Q

n N

V,,  25520°

an

I, = = =17.15/-19.65° A
O Zy+2 14435

Thus,

I, =1,£-120°=17.15£-139.65° A

1. =1,£120°=17.15100.35° A

V=1,Z, =(17.15£-19.65°)(13£22.62°) = 223£2.97° V
Thus,

Vi =V Z-120°= 2232-117.03° V
Ve =V, £120°= 223./122.97° V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 12, Problem 80.

A balanced three-phase source furnishes power to the following three loads:

Load 1: 6 kVA at 0.83 pf'lagging
Load 2: unknown
Load 3: 8 kW at 0.7071 pf leading

If the line current is 84.6 A rms, the line voltage at the load is 208 V rms, and the
combined load has a 0.8 pf lagging, determine the unknown load.

Chapter 12, Solution 80.

S=8+8,+S, =6[0.83+ jsin(cos™ 0.83)]+.5, +8(0.7071 - j0.7071)

S§=10.6368—-j2.31+S5, kVA (1)
But

S = x/gVLILZH = \/5(208)(84.6)(0.8 +j0.6) VA =24.383 + j18.287 kVA (2)
From (1) and (2),

S, =13.746 + j20.6 = 24.76 £56.28 kVA
Thus, the unknown load is 24.76 kVA at 0.5551 pflagging.
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Chapter 12, Problem 81.

A professional center is supplied by a balanced three-phase source. The center has four
balanced three-phase loads as follows:

Load 1: 150 kVA at 0.8 pf leading

Load 2: 100 kW at unity pf

Load 3: 200 kVA at 0.6 pf lagging

Load 4: 80 kW and 95 kVAR (inductive)

If the line impedance is 0.02 +j0.05 Q per phase and the line voltage at the loads is
480 V, find the magnitude of the line voltage at the source.

Chapter 12, Solution 81.
pf =0.8 (leading) —— 0, =-36.87°
S, =150£-36.87°kVA

pf=10 —> 0,=0°
S, =100.£0° kVA

pf =0.6 (lagging) —— 0, =53.13°
S; =200£53.13°kVA

S, =80+ j95 kVA

S=S5,+S,+S,+5S,
S=420+j165=451.2£21.45°kVA

S=3V,I,
LS _4s12x10°
FTABV, 3x480
For the line,
S, =312 Z, =(3)(542.7)%(0.02 + j0.05)
S, =17.67+ j44.18 kVA

At the source,
S; =S+S, =437.7+j209.2

S; =485.1£25.55°kVA

=542.7 A

S, 485.1x10°

V, = = -
"B, Bx5427
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Chapter 12, Problem 82.

A balanced three-phase system has a distribution wire with impedance 2 + j6 Q per
phase. The system supplies two three-phase loads that are connected in parallel. The first
is a balanced wye-connected load that absorbs 400 kV A at a power factor of 0.8 lagging.
The second load is a balanced delta-connected load with impedance of 10 +j8 Q) per
phase. If the magnitude of the line voltage at the loads is 2400 V rms, calculate the
magnitude of the line voltage at the source and the total complex power supplied to the
two loads.

Chapter 12, Solution 82.

_ _ 2
S1=400(0.8+ j0.6) =320+ j240kVA, S,=3 V*p

P
For the delta-connected load, V, =V,

N 2

S2 =3x (2400) =1053.7 + j842.93kVA
10— /8

S=81+8,=13737+ j1.0829 MVA

Let I=1; + I, be the total line current. For I,

. 14
S, =3V,I, V‘”:T;
2 S, (320+ j240)x10°
1 = =
J3v, /3(2400)

For I, convert the load to wye.

, 1, =76.98— j57.735

2400

10+ /8
I=1 +1,=350-j347.5

1,=1,32-30° = V32£-30° =273.1- j289.76

I/s =VL+V1

ine

=2400+ I(3+ j6) =5.185+ j1.405kV —— |V, |=5.372kV
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Chapter 12, Problem 83.

A commercially available three-phase inductive motor operates at a full load of 120 hp (1
hp = 746 W) at 95 percent efficiency at a lagging power factor of 0.707. The motor is
connected in parallel to a 80-kW balanced three-phase heater at unity power factor. If the
magnitude of the line voltage is 480 V rms, calculate the line current.

Chapter 12, Solution 83.

S, =120x746x0.95(0.707 + j0.707) = 60.135 + j60.135kVA, S, =80kVA
§S=85,+8, =140.135+ j60.135kVA

S| 152.49x10°

B, 3x480

=18342A

But |S|=3V,1, —— 1,
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Chapter 12, Problem 84.

* Figure 12.76 displays a three-phase delta-connected motor load which is connected to
a line voltage of 440 V and draws 4 kVA at a power factor of 72 percent lagging. In
addition, a single 1.8 kVAR capacitor is connected between lines a and b, while a 800-W
lighting load is connected between line ¢ and neutral. Assuming the abc sequence and
taking V,, = V,£0°, find the magnitude and phase angle of currents I, 1,, I, and I,.

e
a o
L, L 1.8 KVAR
bo T )
I.
c o Motor load
I, 4 kVA,
d > pf =72%, lagging

800 W lighting load

Figure 12.76
For Prob. 12.84.

* An asterisk indicates a challenging problem.
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Chapter 12, Solution 84.

We first find the magnitude of the various currents.

For the motor,

I, = > _ 4000 =5.248 A
FUVBY, 44043 T
For the capacitor,
=&—@—4091A
vV, 440
For the lighting,
440
Vp=f=254v
1, =ou 390554
YUV 254 T

Consider the figure below.

Ic
c > >
ILi
R
In
n >
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IfV,, =V, £0°,
V,, =3V, £30°
V,, =V, £120°

Vab
= =4.091£120°
X

le ==

JAc

\Y
I, = Zab =4.091£(0+30°)

A

where 0= cos™(0.72) = 43.95°
|, =5.249./73.95°

|, = 5.249/ - 46.05°

I, =5.249/193.95°

VCH
I, =— =3.152120°
R

Thus,
I,=1+1.=5249.73.95°+4.091£120°

I, =8.608£93.96° A

I,=1,-1.=5249/-46.05°-4.091/£120°
I, =9.271£-52.16° A

I =1,+1,, =5249.193.95°+3.15.£120°
I, = 6.827./167.6° A

| =-1,.=315/-60°A

n
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Chapter 12, Problem 85.

eJd Design a three-phase heater with suitable symmetric loads using wye-connected
pure resistance. Assume that the heater is supplied by a 240-V line voltage and is to give
27 kW of heat.

Chapter 12, Solution 85.

Let Z,=R
V20 sy
P3O

27 v,
P:VpIp:?=9kW=?
V) (138.56)>
. :
=L o2 221330
P 9000
Thus, Z, =2133Q
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Chapter 12, Problem 86.

For the single-phase three-wire system in Fig. 12.77, find currents |, 1,5 and I,,.

1Q

a A
lZO&’Vrms 24—;29
n N
120202V rms (*) I 15+j4Q
b B

Figure 12.77
For Prob. 12.86.
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Chapter 12, Solution 86.

Consider the circuit shown below.

a AN A

120£0° V rms <i> @ |::| 24-j2Q

+ |2 -
120£0°Vrms( 15+j14Q

b M B

For the two meshes,

120= (26— 2)1, -1,
120 =17+ j4)1, -1,

In matrix form,

(1201 [26-12 -1 T1,]
l120]7] -1 17+j4JL|2J

()
)

A=449+4770, A, =(120)18+74), A, =(120)27-j2)

| = Ay _ 120x18.44.£12.53° 487 /3.67°
A 454.42 /8.86° ' '

| :ﬁ:120><27.074—4.24°:7 15/ -13.1°
A 454.42 /8.86° ' '

I, =1, =487/367°A
l,, =-1, =7.15£166.9° A

A, —A
InN:|2_|1: ZA l
(120)(9 - j6)
| . =—F——-=2.856/-42.55° A
N 449 + 370
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Chapter 12, Problem 87.

Consider the single-phase three-wire system shown in Fig. 12.78. Find the current in the
neutral wire and the complex power supplied by each source. Take V,as a 115 £0°-V,
60-Hz source.

10
6 o 0Q =50
v, () . 30Q < 50mH

A
Figure 12.78

For Prob. 12.87.
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Chapter 12, Solution 87.
L=50mH —— joL=j2n)(60)5010°)= jl8.85
Consider the circuit below.

1Q

W
115\/6 @ < 200
20

|::| 15 +j18.85 Q

W
115v<f @ §30§2

1Q
MW\
Applying KV1 to the three meshes, we obtain
231, -21,-201, =115 (1)
-21,+331,-301, =115 (2)
-201, =301, +(65+j18.85)1, =0 3)
In matrix form,
23 -2 -20 I 115
-2 33 -30 I, |=|115

-20 -30 65+;18.85]| 1, 0

A=12,775+ 14,232, A, = (115)(1975 + §659.8)
A, = (115)(1825+ j471.3), A, = (115)(1450)

| _ A, 115x2082218.47° 1252729 62°
A 19214 ./48.09° ' '
A

A, 115x1884.9/14.48° 13333610
2 A 19124.,48.09° '
A=A, (115)(-150 - j188.5)

A 12,775 + j14,231.75

=1.448/-176.6° A

n |2_|1

S, =V, || = (115)(12.52.£29.62°) = 1252 + j711.6 VA
S, =V, I} =(115)(1.33.£33.61°) = 1085 + j721.2 VA
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